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I. Characterization 
 
Figure 1. 1H-NMR spectrum of 2 recorded in CDCl3.  
 
 SI-- 3 -  
 
 
 
Figure 2. 13C-NMR spectrum of 2 recorded in CDCl3. 
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Figure 3. HR-ESI Mass spectrum of 2 
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Figure 4. 1H-NMR spectrum of 3 recorded in CDCl3. 
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Figure 5. 13C-NMR spectrum of 3 recorded in CDCl3. 
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Figure 6. HR-ESI Mass spectrum of 3 
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Figure 7. 1H-NMR spectrum of 5 recorded in CDCl3. 
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Figure 8. 13C-NMR spectrum of 5 recorded in CDCl3. 
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Figure 9. HR-MALDI Mass spectrum of 5 
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Figure 10. 1H-NMR spectrum of 6 recorded in CDCl3. 
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Figure 11. 13C-NMR spectrum of 6 recorded in CDCl3. 
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Figure 12. HR-MALDI Mass spectrum of 6 
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II. UV-Vis spectrophotometric titration. 
 Solutions of the three test explosives used in this study, namely TNB, TNP, and TNT, were made up 
in chloroform. Depending on the study in question, these solutions contained of 0.2 mM of 4, 5, or 6 so as 
to avoid dilution errors when they were titrated into to chloroform solutions (0.20 mM) of either receptors 
4, 5, or 6. The titrations then consisted of adding aliquots of these stock solutions of the nitroaromatics 
into those containing the receptors. The resulting UV-Vis spectra were then recorded from 400 to 800 nm 
using a Varian Cary 5000 spectrophotometer at room temperature and the change in spectral signature 
recorded and used to calculate the microscopic association constants as detailed below. The cell length 
was 1.0 mm.  
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Figure 13. Absorption spectral changes observed for receptors 4, 5, and 6 upon the addition of TNB, 
TNP, and TNT. 
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III. Binding Isotherm Analysis 
Cooperative guest-binding processes were analyzed according to the Hill[1] and Adair equations.[2] 
The Hill equation was used in the form of: log[Y/(1 – Y)] = nHlog[G] + logKa, where Ka, Y, and nH are 
the association constant, the extent of complexation, and the Hill coefficient, respectively. The Adair 
equation was used in the form: Y = (K'1[G]+2K'1K'2[G]
2/(1+ K'1[G]+2K'1K'2[G]
2, where K'1 and K'2 are 
macroscopic Adair constants and [G] is the concentration of the explosive in question. Under the 
assumption that the concentration of the bound guests (TNB, TNP, or TNT) is proportional to the 
intensity of the charge transfer bands that were not present in their absence, the fractional saturation of 
host (Y) could be calculated from the known starting and recorded (or interpolated) saturation absorbance 
intensities at a given wavelength in the UV-Vis spectrophotometric titrations. Linear fits to the Hill plots 
(log[G] vs log[Y/(1 – Y)]) allowed Ka and nH to be obtained from the slope and the intercept, 
respectively. Nonlinear regression fits of plots of Y (fractional saturation) vs. [explosives] in accord with 
the Adair equation were used to obtain the microscopic binding constants (K2, K1) and their ratios 
(K2/K1).  
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Hill Plots for 4 with TNB, TNP, and TNT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 n log Ka Ka 
4 + 
TNB 
1.26624 3.62847 4250.793423 
4 + 
TNP 
1.29565 3.57725 3777.896015 
4 + 
TNT 
1.22947 2.51391 326.5201595 
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Hill Plots for 5 with TNB, TNP, and TNT 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 n log Ka Ka 
5 + 
TNB 
1.69907 6.53432 3422315.151 
5 + 
TNP 
1.85732 6.56666 3686888.468 
5 + 
TNT 
1.45488 4.35514 22653.7446 
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Hill Plots for 6 with TNB, TNP, and TNT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14.  Hill plots for the interaction of TNB, TNP, and TNT with 4, 5, and 6. 
 n log Ka Ka 
6 + TNB 1.34499 5.17318 148997.8494 
6 + TNP 1.34385 4.95828 90840.60124 
6 + TNT 1.31224 4.08505 12163.26027 
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Adair Plots for the interaction of 4 with TNB, TNP, and TNT 
 
 
 
 
4 + TNB 
Adj. R-Square 0.99986   
  Value Standard Error 
 K1 388.1121 7.38001 
 K2 1384.268 49.06608 
4 + TNP 
Adj. R-Square 0.99986   
  Value Standard Error 
 K1 283.0335 5.46876 
 K2 1158.535 44.73018 
4 + TNT 
Adj. R-Square 0.99992   
  Value Standard Error 
 K1 59.32184 0.59338 
 K2 198.0313 8.68442 
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Adair Plots for the interaction of 5 with TNB, TNP, and TNT 
 
 
 
 
5 + TNB 
Adj. R-Square 0.9979   
  Value Standard Error 
 K1 1314.869 163.39088 
 K2 30995.1 3455.19546 
5 + TNP 
Adj. R-Square 0.99861   
  Value Standard Error 
 K1 641.4399 66.46822 
 K2 19720.91 1939.74722 
5 + TNT 
Adj. R-Square 0.99793   
  Value Standard Error 
 K1 319.3399 21.96945 
 K2 2750.459 186.96042 
 
 
Adair Plots for the interaction of 6 with TNB, TNP, and TNT 
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6 + TNB 
Adj. R-Square 0.99787   
  Value Standard Error 
 K1 2756.676 221.61784 
 K2 17189.69 1124.18434 
6 + TNP 
Adj. R-Square 0.99937   
  Value Standard Error 
 K1 1738.264 70.31937 
 K2 11379.05 400.24545 
6 + TNT 
Adj. R-Square 0.99603   
  Value Standard Error 
TNT K1 570.5342 44.05857 
TNT K2 2556.522 189.2869 
 
Figure 15.  Adair plots for the interaction of 4, 5, and 6 with TNB, TNP, and TNT 
Scatchard Plots for 5 with TNB, TNP, and TNT 
a)  
 SI-- 25 -  
 
 
Job Plots for 5 with TNB, TNP, and TNT 
b)  
 
Figure 16. Job plots for 5 showing changes expected for a 1:2 complexation stoichiometry between the 
receptor 5 and the three test explosives of this study and b) Scatchard plots for the complexation between 
receptor 5 and TNB, TNP, and TNT; these latter curves are consistent with a positive cooperative binding 
processes. 
IV. 1H-NMR studies of 4, 5, and 6 and TNB, TNP, and TNT 
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Figure 17.  1H NMR spectral changes seen when 4, 5, and 6 are treated with TNB, TBP, and TNT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 SI-- 31 -  
 
V. Cyclic Voltamograms 
1) Cyclic voltamograms of 4 
 
 
 
 
 
 
Figure 18. Cyclic voltamograms of a 0.2mM of 4 recorded in chloroform containing 0.1 M TBAPF6 at a 
glassy carbon electrode vs. SCE and at a scan rate of 50mV/s. 
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2) Cyclic voltamograms of 5 
 
 
 
 
 
 
Figure 19. Cyclic voltamograms of 0.2mM of 5 recorded in chloroform containing 0.1 M TBAPF6 at a 
glassy carbon electrode vs. SCE and at a scan rate of 50mV/s 
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2) Cyclic voltamograms of 6 
 
 
 
 
 
 
 
Figure 20. Cyclic voltamograms of 0.2mM of 5 recorded in chloroform containing 0.1 M TBAPF6 at a 
glassy carbon electrode vs. SCE and at a scan rate of 50mV/s 
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VI. DFT Calculations of 1, 2, and 3 
The geometry-optimized structures and associated energetic calculations were carried out at the B3LYP 
6–31G**(d,p) level of theory using the commercially available Spartan’02 Window program.[3,4] We 
thank Prof. Anslyn for use of this program. 
1) HOMO (left) and LUMO (right) Surface Plots of 1 with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
2.97141138 -101.365073 -21.6636488 
 
2) HOMO (left) and LUMO (right) Surface Plots of 2 with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
3.6689956 -105.121555 -19.5620193 
 
3) HOMO (left) and LUMO (right) Surface Plots of 3 with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
2.12419925 -101.443518 -18.8412381 
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4) HOMO (left) and LUMO (right) Surface Plots of TNB with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
0.030853281 -199.639395 -85.1463236 
 
5) HOMO (left) and LUMO (right) Surface Plots of TNP with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
1.94244878 -193.347829 -91.5942461 
 
6) HOMO (left) and LUMO (right) Surface Plots of TNT with Associated Energy Calculations 
 
Dipole (debye) E HOMO (kcal/mol) E LUMO (kcal/mol) 
1.63269709 -191.353571 -81.9149295 
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VI. X-ray Crystallographic Analysis of 2, 3, 5, 6, and 6⊃(TNP)2 . 
 
All X-ray crystallographic data were collected on a Nonius Kappa CCD diffractometer using a 
graphite monochromator with MoKα radiation (λ = 0.71073Å). The data were collected at 153 K using an 
Oxford Cryostream low temperature device. Details of crystal data, data collection and structure 
refinement are listed in Table 1-5. Data reduction were performed using DENZO-SMN.[5] The structure 
was solved by direct methods and refined by full-matrix least-squares on F2 with anisotropic displacement 
parameters for the non-H atoms using SHELXL-97.[6] The hydrogen atoms were calculated in ideal 
positions with isotropic displacement parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl 
hydrogen atoms). All the calculations were carried out with the SHELXTL[6] program. Further details of 
the individual structures can be obtained from the Cambridge Crystallographic Data Centre by quoting 
reference numbers CCDC-739880 for 2, CCDC-739877 for 3, CCDC-739876 for 5·2(MeOH), CCDC-
739878 for 6·2(acetone), CCDC-739879 for 6·2(TNP). 
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Table 1.  Crystal data and structure refinement for 2.  
 
Empirical formula     C10 H5 N1 S5  
Formula weight      299.48  
Temperature                       153(2) K  
Wavelength                        0.71073 A  
Crystal system, space group         Monoclinic, C2/c  
Unit cell dimensions                a = 29.014(2) A   alpha = 90 deg.  
                                   b = 7.9504(6) A   beta = 93.148(5) deg.  
                                   c = 9.7295(8) A   gamma = 90 deg.  
Volume                            2240.9(3) A^3  
Z, Calculated density               8, 1.775 Mg/m^3  
Absorption coefficient               0.999 mm^-1  
F(000)                            1912  
Crystal size                        0.15 x 0.07 x 0.02 mm  
Theta range for data collection        2.66 to 25.00 deg.  
Limiting indices                     -34<=h<=33, -9<=k<=9, -9<=l<=11  
Reflections collected / unique         6425 / 1956 [R(int) = 0.0671]  
Completeness to theta = 25.00         99.1%  
Absorption correction                Gaussian  
Max. and min. transmission           0.9619 and 0.7580  
Refinement method                  Full-matrix least-squares on F^2  
Data / restraints / parameters      1956 / 12 / 158  
Goodness-of-fit on F^2               1.201  
Final R indices [I>2sigma(I)]       R1 = 0.0809, wR2 = 0.1974  
R indices (all data)                R1 = 0.0950, wR2 = 0.2042  
Extinction coefficient               0.0012(5)  
Largest diff. peak and hole         1.230 and -0.476 e.A^-3  
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Table 2.  Crystal data and structure refinement for 3. 
 
Empirical formula             C12 H7 N S4 
Formula weight                      1173.70  
Temperature                        153(2) K  
Wavelength                         0.71073 A  
Crystal system, space group         Monoclinic, P21/c  
Unit cell dimensions                 a = 6.7970(14) A   alpha = 90 deg.  
                                    b = 14.704(3) A    beta = 113.31(2) deg.  
                                    c = 12.685(4) A   gamma = 90 deg.   
Volume                           1164.3(5) A^3  
Z, Calculated density                4, 1.674 Mg/m^3  
Absorption coefficient               0.787 mm^-1  
F(000)                            600  
Crystal size                          0.20 x 0.06 x 0.02 mm  
Theta range for data collection     2.23 to 27.52 deg.  
Limiting indices                     -8<=h<=8, -19<=k<=17, -16<=l<=15  
Reflections collected / unique      9224 / 2661 [R(int) = 0.0838]  
Completeness to theta = 27.52       99.3%  
Max. and min. transmission          0.9844 and 0.8585  
Refinement method                 Full-matrix least-squares on F^2  
Data / restraints / parameters      2661 / 0 / 155  
Goodness-of-fit on F^2               1.006  
Final R indices [I>2sigma(I)]       R1 = 0.0459, wR2 = 0.0844  
R indices (all data)                 R1 = 0.1116, wR2 = 0.1007  
Largest diff. peak and hole         0.434 and -0.396 e.A^-3  
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Table 3.  Crystal data and structure refinement for 5.  
 
Empirical formula                    C56 H46 Cl6 N4 O2 S20  
Formula weight                    1661.01  
Temperature                         153(2) K  
Wavelength                       0.71073 A  
Crystal system, space group         Triclinic, P-1  
Unit cell dimensions                 a = 12.7847(4) A   alpha = 105.7576(10) deg.  
                                   b = 13.2848(3) A    beta = 102.6949(10) deg.  
                                   c = 22.3142(7) A   gamma = 97.9559(10) deg.  
Volume                          3478.20(18) A^3  
Z, Calculated density                2, 1.586 Mg/m^3  
Absorption coefficient               0.893 mm^-1  
F(000)                             1696  
Crystal size                          0.10 x 0.10 x 0.05 mm  
Theta range for data collection     1.63 to 25.00 deg.  
Limiting indices                     -15<=h<=14, -15<=k<=14, -26<=l<=25  
Reflections collected / unique      40494 / 12244 [R(int) = 0.1479]  
Completeness to theta = 25.00       99.8%  
Absorption correction                Gaussian  
Max. and min. transmission          0.95144 and 0.86534  
Refinement method                  Full-matrix least-squares on F^2  
Data / restraints / parameters      12244 / 163 / 844  
Goodness-of-fit on F^2               1.013  
Final R indices [I>2sigma(I)]       R1 = 0.0900, wR2 = 0.1754  
R indices (all data)                 R1 = 0.2424, wR2 = 0.2365  
Largest diff. peak and hole         1.053 and -0.724 e.A^-3  
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Table 4.  Crystal data and structure refinement for 6.  
 
Empirical formula                  C68 H58 Cl6 N4 O2 S16  
Formula weight                     1688.97  
Temperature                         153(2) K  
Wavelength                         0.71073 A  
Crystal system, space group         Monoclinic,  P21/c  
Unit cell dimensions                 a = 21.2955(2) A   alpha = 90 deg.  
                                   b = 15.8826(2) A    beta = 90.2355(4) deg.  
                                    c = 21.9774(2) A   gamma = 90 deg.  
Volume                            7433.31(13) A^3  
Z, Calculated density                4, 1.509 Mg/m^3  
Absorption coefficient               0.729 mm^-1  
F(000)                              3472  
Crystal size                          0.15 x 0.10 x 0.02 mm  
Theta range for data collection     1.58 to 27.48 deg.  
Limiting indices                     -27<=h<=27, -17<=k<=20, -28<=l<=28  
Reflections collected / unique      108963 / 17029 [R(int) = 0.0818]  
Completeness to theta = 27.48       99.9%  
Absorption correction                Gaussian  
Max. and min. transmission          0.92856 and 0.81635  
Refinement method                  Full-matrix least-squares on F^2  
Data / restraints / parameters      17029 / 33 / 910  
Goodness-of-fit on F^2               1.008  
Final R indices [I>2sigma(I)]       R1 = 0.0559, wR2 = 0.1217  
R indices (all data)                 R1 = 0.1100, wR2 = 0.1468  
Largest diff. peak and hole         0.721 and -0.986 e.A^-3  
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Table 5. Crystal data and structure refinement for 6⊃(TNP)2.  
 
Empirical formula                    C75 H56 Cl6 N10 O14 S16  
Formula weight                     2046.96  
Temperature                         153(2) K  
Wavelength                          0.71069 A  
Crystal system, space group         Triclinic,  P-1  
Unit cell dimensions                 a = 10.4281(3) A   alpha = 101.8758(9) deg.  
                                    b = 17.7947(4) A    beta = 90.8191(9) deg.  
                                    c = 23.8803(7) A   gamma = 100.8410(15) deg.  
Volume                             4252.6(2) A^3  
Z, Calculated density                2, 1.599 Mg/m^3  
Absorption coefficient               0.664 mm^-1  
F(000)                              2092  
Crystal size                          0.13 x 0.04 x 0.03 mm  
Theta range for data collection     2.11 to 25.00 deg.  
Limiting indices                     -10<=h<=12, -21<=k<=21, -27<=l<=28  
Reflections collected / unique      44049 / 14696 [R(int) = 0.1257]  
Completeness to theta = 25.00       98.0%  
Absorption correction                Gaussian  
Max. and min. transmission          0.96498 and 0.86364  
Refinement method                 Full-matrix least-squares on F^2  
Data / restraints / parameters      14696 / 0 / 1098  
Goodness-of-fit on F^2               1.044  
Final R indices [I>2sigma(I)]       R1 = 0.0803, wR2 = 0.1468  
R indices (all data)                 R1 = 0.1889, wR2 = 0.1921  
Largest diff. peak and hole         0.959 and -0.825 e.A^-3  
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Figure 21. X-ray Crystal structure of 2. Displacement ellipsoids are scaled to a 50% probability level.  
 
 
 
 
 
Figure 22. X-ray Crystal structure of 3. Displacement ellipsoids are scaled to the 50% probability level.   
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Figure 23. X-ray Crystal structure of 5·(MeOH)2. Displacement ellipsoids are scaled to the 50% 
probability level. Two disordered chloroform are omitted for clarity.   
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Figure 24. X-ray Crystal structure of 6·(acetone)2. Displacement ellipsoids are scaled to the 50% 
probability level. Two disordered chloroform are omitted for clarity.   
 
 
 
 
 
 
Figure 25. X-ray Crystal structure of 6·(TNP)2. Displacement ellipsoids are scaled to the 50% probability 
level. Two disordered dichloromethane molecules are omitted for clarity. 
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